The present study explores the effect of age at menarche on the incidence of asthma during early adulthood. The analysis was based on Canadian girls followed up from 8-11 to 18-21 years of age during the first 6 cycles (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005) of the National Longitudinal Survey of Children and Youth. Early menarche was defined as 1 standard deviation less than the average age at menarche. Asthma occurrence after menarche was measured as asthma that was diagnosed by a health care professional. The authors used logistic regression to investigate the association between early menarche and incidence of asthma, adjusting for possible confounders. A total of 1,176 girls weighted to represent 352,345 Canadian girls were analyzed. The incidence of asthma after menarche was 11.2% (95% confidence interval: 8.3, 14.0). The onset of early menarche (<11.56 years of age) predicted postmenarcheal incidence of asthma; girls who matured early had more than twice the risk of developing asthma during early adulthood than did girls who matured at an average age (odds ratio, 2.34, 95% confidence interval:
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According to estimates by the World Health Organization, 300 million people worldwide suffer from asthma (1) . Asthma is a chronic inflammation of the airways characterized by wheeze, cough, and shortness of breath (2) . It is the most prevalent chronic disease among children (1, 2) , estimated to occur in 5%-15% of the pediatric population (2) . In addition to reducing the patient's quality of life, asthma creates a substantial health care burden. In Canada, which has one of the highest worldwide incidence rates of asthma, the direct medical costs of asthma in 2005 were estimated to be $600 million Canadian per year (3) .
The prevalence of asthma in the first 2 decades of life has been suggested to be a sex-dependent mechanism (4). During childhood, asthma is more prevalent in boys; however, asthma rates increase markedly and become higher for girls during adolescence and adulthood (4) (5) (6) . The change in the prevalence among girls can be attributed to a higher incidence of asthma in early adulthood, and in particular around puberty (5, 6) . Evidence from human and animal studies reveals that estrogen and progesterone, the sex steroid hormones in females, may play an influential role in the variation in asthma susceptibility by sex (7) . These hormones are thought to affect the pulmonary inflammatory process (8) , the smooth muscle (7, 8) , and the function of the immune system (9) .
Given the epidemiologic evidence of sex-specific changes in the incidence of asthma around puberty and the biologic plausibility of these changes, few studies have investigated the association between puberty and asthma. The worldwide increase in the prevalence of asthma (7, 9, 10) and the downward trend in the age at menarche (11) (12) (13) (14) (15) , a surrogate measure of puberty, add further emphasis to the importance of this association. A study by Salam et al. (8) is the only one to date to investigate the relation between early menarche and incidence of asthma. The study revealed that girls who had their menarche before 12 years of age were 2 times more likely (odds ratio (OR) ¼ 2.08, 95% confidence interval (CI): 1.05, 4.12) to develop asthma later in their adulthood than were other girls (8) . Other studies examined the effect of age at menarche on asthma persistence and severity but not asthma incidence (4, 6, 16) . This area of research, however, remains largely unexplored. The present study therefore aimed to further explore the effect of age at menarche on the incidence of asthma among a cohort of Canadian girls followed up from 8-11 to 18-21 years of age.
MATERIALS AND METHODS
The present analysis was based on the National Longitudinal Survey of Children and Youth (NLSCY). The NLSCY study was initiated in 1994 by Statistics Canada and Human Resources and Social Development Canada. It aimed to assess the development, health, and well-being of Canadian children and youth. The study started with a representative sample of children aged 0-11 years from the 10 provinces of Canada. From 1994 to the present, the children have been followed up through cycles of 2-year intervals. At all cycles, the NLSCY administers different questionnaires to the person most knowledgeable (PMK) about the index child and/ or to the index child. Information on the NLSCY is available elsewhere (17) .
Participants of the present study were girls who were 8-11 years old at cycle 1 (1994-1995) who were followed up longitudinally and whose PMK was one of their biologic parents. Because the NLSCY questionnaire inquires about the asthma status of the PMK regardless of relationship to the index child, only biologic parents were selected as the PMK respondents for which the genetic interplay with asthma was adjusted. The girls were followed up biennially to cycle 6 (2004-2005) , at which point they had reached an age of 18-21 years. Age at menarche, the main independent variable for this study, was self-reported by the index child in cycles 3 (1998-1999) , 4 (2000-2001) , and 5 (2002-2003) as the month and year of the occurrence of the first menstrual cycle. This information was collected from the selfcomplete questionnaires, which the child completes alone and places in a sealed envelope to ensure confidentiality. Early menarche was categorized as a dichotomous variable (yes or no). It was determined as 1 standard deviation less than the mean age at menarche in the study sample (11, 12) .
The outcome of the study was asthma that first occurred after menarche. To assess whether age at menarche is associated with the incidence of asthma beginning after menarche, girls who developed asthma before their menarche were excluded from the analysis (n ¼ 229). Asthma status was assessed in every cycle of the NLSCY survey using different measures. For the purpose of the present study, asthma that was diagnosed by a health care professional was the main outcome. It was reported by the PMK in cycles 1-4 for children 15 years of age and by the index child in cycles 4, 5, and 6 for children 16 years of age. Because we had no information as to the date when asthma began and because the cycles are 2 years apart, the present analysis assumed that asthma began at the midpoint between the interviews.
We adjusted for covariates that have been found to be risk factors for asthma. These variables include socioeconomic factors such as income, level of education of the PMK, and place of residence (urban vs. rural). Household income was categorized by Statistics Canada into 5 levels (lowest, lower middle, middle, upper middle, and highest) based on the household size and the total household income from all sources in the past 12 months. We also adjusted for demographic characteristics, province of residence, family type, number of siblings, and immigration status of the PMK in the analysis. Family type was defined as whether the child was living with both of his or her parents (biologic, step-, or foster parents). Finally, we adjusted the model for healthrelated factors, in particular smoking status of the PMK, history of parental asthma, child's ever-smoking status, and child's overweight status. Smoking status of the PMK was measured as daily or occasional cigarette smoking. Asthma history was defined as ever having asthma diagnosed by a health care professional for the biologic parents of the index child. Cases for which information was missing on parental asthma history were grouped into a separate category. Overweight status was calculated using the child's body mass index (kg/m 2 ) and the international cutpoints for overweight and obesity determined by Cole et al. (18) . All of the correlates except for child's ever-smoking status were reported by the PMK of the index child at cycle 1. Smoking status of the child was reported by the child in cycle 5 as ever having tried cigarette smoking. The prevalences of asthma and of early menarche were assessed using population weights. Differences in the distribution of asthma occurrence across the different levels of early menarche and other covariates were examined using chi-square tests by applying normalized weights. Logistic regression was used to investigate the association between early menarche and incidence of asthma, adjusting for all the above-mentioned covariates. Adjusted odds ratios and 95% confidence intervals were reported for the final model. To account for the complex sampling design, bootstrapping was performed. Population weights, normalized weights, and bootstrap weights were all based on the longitudinal weights at cycle 1 (1994-1995) that were created by Statistics Canada and provided with the NLSCY data file. All analyses with the exception of bootstrapping were conducted using the Statistical Package for the Social Sciences, version 17.0 (SPSS Inc., Chicago, Illinois). Bootstrapping was performed using the Statistical Analysis System, version 9.2 (SAS Institute, Inc., Cary, North Carolina). Statistical significance for all analyses was set at a < 0.05. Figure 1 illustrates the unweighted sample sizes for the selection process of the girls in the present study. Out of the 2,339 longitudinal females aged 8-11 years at cycle 1, a total of 2,273 girls were eligible to participate because their PMKs were the biologic parents. Among the 2,273 eligible girls, 1,686 had complete information on menarche. The average age at menarche for this population was 12.66 years (standard deviation, 1.18; 95% CI: 12.57, 12.76). The proportion of those who matured early (<11.56 years of age) was 13.8% (95% CI: 10.7, 16.8). Information on asthma was missing for approximately 16 .7% of the girls with menarche data. In addition, a further 229 girls were excluded from the analysis because they had developed asthma before their menarche. Therefore, the total number of girls analyzed in this study was 1,176, weighted to represent 352,345 Canadian girls. The incidence of asthma after menarche in this selected sample was 11.2% (95% CI: 8.3, 14.0).
RESULTS
As illustrated in Table 1 , the incidence of asthma among girls who matured early (<11.56 years of age) was 19.2% as compared with 9.6% among their counterparts. Girls attaining menarche at a young age were more than 2 times as likely to develop postmenarcheal asthma than were girls who matured at an average age (OR ¼ 2.24, 95% CI: 1.12, 4.49). Other significant variables were household income, education level of the PMK, family type, smoking status of the PMK, and family history of asthma. After adjusting for all covariates, early menarche persisted as a significant predictor of asthma incidence after menarche ( Table 2 ). The odds ratio for this association was 2.34 (95% CI: 1.19, 4.59). None of the adjusted covariates, except for parental asthma history, was significantly associated with asthma. Children who had at least 1 parent with asthma were at a 4-fold greater risk (95% CI: 1.49, 12.20) of developing postmenarcheal asthma than were children with no parental history of asthma.
DISCUSSION
Given the fact that the association between early menarche and the incidence of postmenarcheal asthma has not been fully explored, the present study aimed to explore this relation in an adolescent Canadian population. Approximately 11% of nonasthmatic girls developed asthma after their menarche. After adjusting for socioeconomic, demographic, and health-related factors, early menarche was 1 of only 2 predictors that was found to be significantly associated with development of asthma after menarche. Girls who matured early had more than twice the risk of developing asthma during their late adolescence and early adulthood than did girls who matured at an average age.
A body of literature has suggested the interference of puberty on asthma's prevalence, severity, remittance, and incidence (4, 6, 16) . During childhood, boys have higher rates of asthma than do girls, which can be attributed to their smaller airway diameters in relation to their lung volume (19) . A shift, however, takes place around puberty, during which asthma is more prevalent among girls (5, 6) . Figures from Canada in 1998-1999 reveal that the prevalence of asthma among 12 to 14-year-old boys and girls was 14.2% and 8.9%, respectively. Between the ages of 15 and 19 years, the rates were reversed to 10.7% for boys and 14.2% for girls (20) . A similar trend was also evident in 2005. On the basis of the Canadian Community Health Survey, 14.2% of males and 10.2% of females aged 12-14 years had asthma. The proportion of asthma among 15 to 19-yearold participants, however, was 10.5% and 12.2% for males and females, respectively (21) .
In a recent review on the topic, Almqvist et al. (19) suggested that the sex differences in asthma rates during adolescence and early adulthood were attributable to an increase in the incidence of asthma among girls rather than a decrease in the incidence of asthma among boys. This finding has been supported by a primary research study that examined the prognosis of asthma among asthmatic boys and girls (4) . In that study, there was no significant change in the sex ratio of asthmatic children at age 14, which suggests that the gap in asthma rates between the 2 sexes is not indicative of a decrease in asthma rates in boys. More likely, the female predominance of asthma can be attributed to newly diagnosed cases. Despite the above, only the present study and 1 previous study by Salam et al. (8) have examined the effect of age at menarche on asthma incidence during adulthood. All other publications have assessed the impact of menarche on asthma severity (16), asthma persistence after puberty (4, 6) , or the association between asthma and maternal age at menarche (9, 10) .
In the present study, the onset of menarche at a young age predicted asthma incidence during early adulthood (OR ¼ 2.34, 95% CI: 1.19, 4.59). These findings confirm the results of the only previous study in this area, which was by Salam et al. (8) . That study was a longitudinal study conducted in southern California that included 905 women and girls aged 13-28 years at the time of follow up. It revealed that girls who had their menarche before 12 years of age were also 2 times more likely (OR ¼ 2.08, 95% CI: 1.05, 4.12) to develop asthma later into their adulthood. The response rate of that study was limited (50%), and it was not a representative population-based survey (8) .
The significant impact of menarche on asthma incidence detected in the present study might be mediated by biologic and/or physiologic factors. Girls who mature early are exposed to higher levels of the sex hormones estrogen and progesterone than are girls with late onset of menarche (8) . These hormones have been suggested to affect the pulmonary inflammatory process (8), the smooth muscle (7, 8) , and the function of the immune system (9). They may directly cause the contractility of the lungs and increase in bronchial smooth muscle (22) . Estrogen specifically has been associated with histamine release in rats (9) . It has also been shown to influence the immune system through its effect on the T-cell population, specific antibody secretion, and inflammatory mediators (19) . The association between the sex hormones and asthma, however, is complex (22) .
More studies that aim to understand the role of female hormones in asthma incidence are warranted.
Out of all the adjusted covariates for the association between early menarche and postmenarcheal asthma, only parental history of asthma was associated with asthma incidence. Literature citing the roles of genetics and parental asthma history in asthma is abundant (23) (24) (25) (26) . A populationbased study in Taiwan revealed that adolescents with a family history of asthma are 3.64 times (95% CI: 2.29, 5.74) more likely to develop asthma than are their counterparts (24) . Similarly, maternal asthma was found by Litonjua et al. (26) to increase the odds of asthma among young children (<5 years of age) 5-fold (OR ¼ 5.0, 95% CI: 1.7, 14.9). Asthma occurrence in children could be due to shared genes, shared environments, or the combination of both (24) .
Girls for whom information on age at menarche and asthma was missing were excluded from the analysis. Thus, the response rate in the present study was 61.8%. Girls excluded from the analysis were compared in terms of socioeconomic, demographic, and health-related factors to those girls included in the analysis. No statistical difference, except for household income, was detected between the 2 groups (data not shown). Girls in homes with lower overall income were more likely to be excluded from the analysis. Another limitation of the study is that the age of asthma onset was not collected in the NLSCY cycles. Therefore, in the present study, asthma was assumed to have occurred at the midpoint between the interviews. Although this procedure might introduce misclassification bias, it is suspected to be nondifferential because the outcome was classified independent of the exposure status. Moreover, asthma was self-reported as ever having asthma that was diagnosed by a health care professional. No biomarkers to validate asthma status were measured. However, physician-diagnosed asthma has been widely used in the epidemiologic literature and has proved to be accurate (27, 28) . Finally, because of the content of the NLSCY questionnaire, we were unable to adjust for other potential confounders of asthma. More detailed information on family history of asthma, passive smoking, and pet ownership would have been advantageous. Incidence of atopy, also an important risk factor for asthma, is missing from the study. Moreover, smoking status of the girls was assessed in the present study as ever smoking and is not reflective of the dose and the duration of exposure to smoking. Nevertheless, few studies to date have explored the association between age at menarche and incidence of asthma. The longitudinal nature of the study, the sample size of the study, and the decreased likelihood of recall bias stand out as the main strengths.
The present study suggests a negative association between older age at menarche and asthma incidence. The findings provide partial insight into the worldwide rapid increase in asthma rates, which coincides with declining trends in menarcheal timing. On the basis of the current findings, girls who mature early and those with parental history of asthma have the highest risk of developing asthma in adulthood. Therefore, following up with the girls for longer durations as subsequent data become available from future NLSCY cycles is warranted. Further studies within different contexts are needed to assess the generalizability of these findings.
